Samples of wheat naturally infected by Fusarium graminearum Schwabe were obtained from mills in Oklahoma, Missouri, Kansas, and Minnesota and fields in Nebraska and Kansas in 1982; they were analyzed for deoxynivalenol (DON). The wheat was milled, and DON was found throughout all the milling fractions (bran, shorts, reduction flour, and break flour). The DON recoveries for each mill run ranged from 90 to 98%. These samples, regardless of DON concentration, also gave similar fractional distributions of DON. The greatest (21 ppm [21 ,ug/g]) concentration of DON was found in the bran, and the smallest (1 ppm) was found in the break flour. Cleaning and milling were not effective in removing DON; DON was not destroyed in the bread baked from the naturally contaminated whole wheat flour, but the effect on its concentration in the samples analyzed varied, the reduction ranging from 19 to 69%. The percent reduction found in the cleaned wheat ranged from 6 to 19%. DON concentrations in the following commercially made breads, caraway rye, seedless rye, and pumpernickel, were 45 ppb (ng/g), 39 ppb, and 0 ppb, respectively. The limits of detection by gas chromatography-mass spectrometry and high-pressure liquid chromatography for DON were 0.5 and 10 ng, respectively.
Deoxynivalenol (DON; vomitoxin, 12,13-epoxy-3,7,15-trihydroxy-trichothec-9-en-8-one) is a natural metabolite produced on a variety of cereal grains by Fusarium graminearum Schwabe (12) . It was first found in infected grain and peptone-supplemented Czapek Dox medium by Morooka et al. (11) and later characterized by Yoshizawa and Morooka (20) in Japan. It is found in grains (corn, barley, feedstuff, and wheat) in many parts of the world, including Canada, Japan, and the United States (8, 9, (15) (16) (17) (18) (19) and is cause for concern from the viewpoint of animal and human health.
Recently, researchers have focused on the fate of trichothecenes during grain processing. In one study, Kamimura et al. (7) reported the effects of baking bread and preparing Chinese and Japanese noodles on levels of DON and five other trichothecenes. They also observed that soaking naturally contaminated ground wheat in water removed about 30% of the DON (and nivalenol). Scott et al. (14) reported the effects of experimental flour milling and bread baking on retention of DON in hard red spring wheat. They also found that DON is distributed throughout the milled products and is not destroyed upon making bread. Greenhalgh et al. (4) reported occurrence of DON, iso-DON, and other derivatives in bread and cereal products. Young et al. (21) reported the effect of milling and baking on the DON content of eastern Canadian wheat; they also reported that milling led to a fractionation of both DON and ergosterol, with higher levels in the outer parts of the kernel (e.g., bran) and lower levels in the endosperm. The effect of baking on the DON level in products is variable, ranging from no effect to 66% reduction in DON the first three break rolls (break flour), the first three reduction rolls (reduction flour), the shorts, and the bran (see Table 1 ).
Whole-wheat flour. The wheat was ground with a coffee grinder, (model 490-SP; Grindmaster of Kentucky, Inc., Louisville, Ky.). The grinder was set at no. 1 (the finest grind).
Bread. The whole-wheat bread was baked as outlined previously (1 (Tables 2 and 3) . DON in all samples was observed at 11.14 min, as shown in Fig. 1 .
Cleaning was not effective in removing DON ( Other samples of wheat, flour, and bread were analyzed by the above method for DON. These results of triplicate determinations of corresponding samples are shown in Table  3 .
Commercial bread samples obtained from New York were analyzed by gas chromatography-mass spectrometry and selected ion monitoring because the DON detection limit was 0.5 ng, whereas the DON limit with HPLC was 10 ng. DON was found in the commercial caraway rye and seedless rye breads at concentrations of 45 and 39 ppb (45 and 39 ng/g), respectively, and in bread made from infected wheat from Missouri (X-1) and Kansas (X-3) but not in the commercial pumpernickel bread or in whole-wheat bread made from wheat from Oklahoma (X-2) or Minnesota (X-4), as shown in Table 3 .
DON was not destroyed by making bread from the naturally contaminated wheat (Table 3) ; however, the bread had a lower concentration of DON than that in the starting wheat samples. The starting wheat samples from Kansas State University, Missouri (X-1), and Kansas (X-3) had concentrations of DON of 9,100, 537.9, and 379.3 ppb, whereas the bread made from the same samples had DON concentrations of 6,100 30, 435.3, and 116.2 ppb, respectively. These results correspond to a percent reduction of 33.0, 19.1, and 69.4%, respectively. Calculations were based on a flour weight basis of the baked bread samples. Others have also reported that baking reduced the concentration of DON in bread made from naturally contaminated wheat (3, 14) . DISCUSSION Determinations of concentrations of DON in contaminated wheat at harvesting and during processing have been carried out recently in several countries with varied results. In Japan, concentrations of up to 40 ppm of DON and nivalenol have been reported in both wheat and barley (8) . In Canada, DON has been measured at up to 8.5 ppm in Ontario white winter wheat (15, 16) and up to 5.5 ppm in 1982 scabby wheat from parts of the midwestern United States (Kansas, Nebraska, and Illinois) (5). In the United Kingdom, homegrown wheat was found to contain only up to 0.4 ppm of DON (13) . F. graminearum is the, major causative agent of DON contamination of grains (12) . Thus, it may be that the differences in the degree of DON contamination of wheat grown in different areas are due to a geographical or seasonal variation in the occurrence of F. graminearum. This explanation is supported by the work of Osborne and Willis (13) . DON was not removed by cleaning wheat, but the concentrations of DON were less than those found in the uncleaned wheat samples (Table 2) . Young et al. (21) reported that the percent reduction in the concentrations of DON during cleaning for industrially milled Ontario white winter wheat and pilot-milled Ontario soft white winter wheat are 12.5 and 23.45%, respectively. The reduction in (Table 3 ). Kamimura et al. (7) reported that only 51% of DON (range, 36 to 66%) survived baking at 210°C for 20 min. The reduction in the DON concentrations during bread making may be due to the bread-making procedure, e.g., thermal decomposition and isomerization of DON (4) .
The results presented in this paper show that the incidence and concentrations of DON in a limited number of samples from Nebraska, Missouri, and Kansas (milling wheat fractions, whole-wheat breads) and other samples from different parts of the United States were significant. The Food and Drug Administration suggestions for DON concentrations in uncleaned wheat were recently set at 2 ppm, a level which was well exceeded by the naturally infected samples (Table  2) . Cleaning, milling, and baking were not totally effective in removing DON, showing the range of reductions of 24.2 to 71.3% from uncleaned wheat to bread. This compares well with the assumption of the Canadian Government of an overall 40% reduction in DON concentrations upon manufacturing products from uncleaned wheat (21) . The results showed that wheat, milling fractions, and bread intended for human consumption can contain DON and clearly indicate that DON was distributed through all fractions of the milled wheat.
